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Screening of Jute Germplasm for Adsorption of Heavy Metal Cr( VI)

LI Nan,GONG You-cai,CHEN Ji-quan, WEN Lan,DAI Zhi-gang,SU Jian-guang
(Institute of Bast Fiber Crops,Chinese Academy of Agricultual Sciences,Changsha 410205)

Abstract: In this paper,the tender shoots of main stem, primary and secondary branch of 23 typical jute germ-
plasm collected from home and abroad were first made into natural heavy metal adsorbent to determine the removal
rate of Cr ( VI) in solution. Investigation , variance analysis and correlation analysis of functional traits closely relat-
ed to adsorption capacity and production of tender shoot were conducted , including growth duration dynamic, plant
height, branching habit, and tender shoots yield at all levels branches. The results showed that the removal rate of Cr
(VI) varied with variety of jute from 85. 25% -96. 88% . Different branching levels of tender shoot lead to different
yields and removal rates. All characters investigated were quite different except emergence speed of 23 jute germ-
plasm. In addition , there was significantly negative correlation between plant height and removal rate( P < 0.01).
With excellent production and removal rate on Cr ( VI) ,the JOO1 and JO11 were suitable for cultivating as special
germplasm for heavy metal adsorption.
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Table 1 Numbers,origins and classification of testing germplasms

AR ORUEHE  2SAD || RPEAREY ORUEM Hem
Number Origin Type || Number Origin Type
Joo1 dmhL AREERN || Jo13 PEWIR RREERN
J002 BRI REA || Jo14 L i A= Fop
Joo3 HEW  HpAF | Jo1s PEWIR BREERN
J004 dnRL AREEFR || Jote PENATRE R RN
Joos WS REER || Jo17 PETR S REERD
J006 MR KRR || Jo18 PEWIR RRERN
Joo7 PRI AR || Jo19 WP AR
Joos HRW  HpAF || Jo20 PER R
J009 ELEE RIEF || Jo21 TEom AR
Jo10 Rz AREFFp || J022 EEE  ARE R
Jjoi1 PEMIR KRN || J023 PRI R A
Jo12 PEVIVE AR

M T R BRI, BT T BRI I 5K U S 3R
Due to the protection of intellectual property rights,the germplasm was ex-

pressed in code instead of name
1.2 HENREEIT5FAE

M AR5 T 2013 4F 5 -9 A 7Ed EAOLRF2E B
IR T AT A 00 i kA7, X0 N 4 T A
e My AR AR RIE B0, A& ZE R E IR
BEALIX 01,3 IRE R, /NX L 3.5 m?, /M X
FIHE S 47, A7HE 35 em, ¥REE 10 em, & 15 cm B E

Hi, FEHh AL, FH ) B A e — B R AR PR T

7 H 9 HAE/NMXFEHLE 10 B BRI ik e 7
H 10 HISGR/INX P2 32 25008 (RS 1 15 em) 5
7 A 23 HiAE G BB /N X Y 43— 2%
SIREEI AN, KE KT 15 em I RHAE S H (T
i) ;8 J 13 H A 9 KBTI /N X P 2
TR REIRY

ATHEUSCHR A RORY E AR T (B KRN 13% )
FREEic =&, WA .
1.3 EBREMNERZ

WSO (%) B SRR IR 2 R AT LR L 2L 977, 455 80 H
(B FIRE S, T 40 CHUR LT 2=, 8 TH 5
AR AE £ L K 110 °C F T4 2 h 19 A% R A1
(K,Cr,0,)0.2829 g H] dd H,0 %, B 100 me/L
() Cr( VD) 2 H

REAFE AN R AL BRAL B B 100 mL Cr( VD)
HWCE T 200 mL (9BEM T, T 60% ~68% HNO, i
WEIEW pH =1, A 0.5 g WO FY R, B FHd
A, A 150 v/min BEREERFE 1 h, B 1.4 mL RS
W ,15000 r/min B0 2 min, B EE WK, H0R 2K Bk
P E AR I R Ay Cr (VD) RO I
AR LR,

R=(C,-C,)/C, x100%

Hrf R HEBRFE(% ), C M C 51k Cr( V)
FIRI LR BE (mg/ L) RN R © B 246 BE (me/ L)
1.4 HiEsE

H Excel ZHEE , BT A 504 UL SEE « b
FZEFN, T A SPSS Statistics 19 #4777 22431 il
A4, F Duncan BEEAT 2 H AR

2 HERES
2.1 £EHITERREHERK
U R R I VR 3 B T RN R vy

PSR A B WSS R TR MR, 45 s TR 2,
122 2 A1, SR04 23 AT H ik B T T G 22
5 BFEREE PR AGE R A R) F2ER ROk, i
o 5 NI FIBIZESRA T 79 ~ 127 d, Hirp RLBGE T (&
R JO18) 12 AN R 7 A~ AT 4 1, J001
11007 Prist iR, HUOE Joo8 il J022,J018 Hekti
2R AE T A ZE 6 )y T R R A R 225 5
U ol N N i 7 5 7l e
65.22% 17.39% 17.39% ; 25 {0 43 B (B bR b Jo %
TR TR B R AR ) o Y A T v 25
o, Lk L1 BELT A 4 FRhISH DASRZEFRP R &,



s

4 3] Z

5 BRI B 4 SR Cr( VI % IR 0 12k

867

A 15 A ZLZERR 4 A, SELLANE L ZEM TS 2 4
T BT AR R TR ST DL R A= 4 R =R (e m]

LI 200 23 DR R A BRI 22 5+ A A
TIPS D REHEN 1) 22 S PRI

F2 EMRETHHERREHER
Table 2 The growth dynamic and quality characters oftest germplasms (A/H)

RN FEF 1] Ft B I HIAE S5 e ENG)
Number Sowing date Cotyledon date  True leaf date Budding date Blossom date Fruiting date Leaf shape Stem colour
Joo1 05/13 05/19 05/24 08/20 09/03 09/17 w15 £
J002 05/13 05/19 05/24 07/07 07/23 08/06 1 1 4
Joo3 05/13 05/19 05/24 07/07 07/23 08/06 i £
J0o4 05/13 05/19 05/24 07/07 07/23 08/06 T S
J00s 05/13 05/19 05/24 07/07 07/23 08/06 Pl fif 2T
J006 05/13 05/19 05/24 07/23 08/06 08/20 iy at
Joo7 05/13 05/19 05/24 08/20 09/03 09/17 il ES
Joos 05/13 05/19 05/24 08/13 08/27 09/10 Wi 23
J009 05/13 05/19 05/24 07/23 08/06 08,20 PEF ES
Jo10 05/13 05/19 05/24 07/23 08/06 08,20 o7 7
Jot1 05/13 05/19 05/24 07/14 07/30 08/13 Pkt 7S
Jo12 05/13 05/19 05/24 07,07 07/23 08/06 b s
J013 05/13 05/19 05/24 07/07 07/23 08/06 1 12 g
Jo14 05/13 05/19 05/24 07,07 07/23 08/06 PekE £
Jo15 05/13 05/19 05/24 07/23 08/06 08/20 iy ESS
Jo16 05/13 05/19 05/24 07/23 08/06 08/20 i feELT
J017 05/13 05/19 05/24 07/23 08/06 08,20 T SN
Jjo18 05/13 05/19 05/24 07/07 07/14 07/30 i He
Jo19 05/13 05/19 05/24 07,07 07/23 08/06 it 2y
J020 05/13 05/19 05/24 07,07 07/23 08/06 i3 5] 3
Jo21 05/13 05/19 05/24 07/07 07/23 08/06 it 2
J022 05/13 05/19 05/24 08/13 08/27 09/10 53 53] 3
J023 05/13 05/19 05/24 07/07 07/23 08/06 it 7

2.2 BRFUHMREKSES

YRS MR 55— A EORT 3 IR 1)
RS PS5 1A T E 3, R 3 AT, Sk 23 4
PR Pk e S A i B M 25 (P < 0. 01) |, T AT Pl ot
B AT 54,90 ~150. 90 em Z [d], Ho | J004 i,
HYKE: J006 J007 .J008 . J005 . J003 , {Hi% 6 S 2%
SAREE BRI KA Jo11, B AR T HoAh 22 4~
FRE (P <0.01) , UhBAAS [ 86 pRFf 0T 19 A K ok 2 A7
PR ZESE , B UCR IR S AR R A K 12
R Z B KRR,
2.3 MRESESIEER

FRTEIR] 9 — | R R A A B M 22
(P<0.01), M3 I, 9 arn%H i\ 5 &
T—HAE, — R EE 3T 3.90 ~11.90
AFT. 10 ~19. 70 A4, 3 158 B S 8RR T s {10 34 ]
ST P A RO AR B RR SR, i - A
i i

23 MR, — o BB £ 19 02 1005, 5 3
il 22 A~Fh i 2 Sk B (P <0.01), Hk Jo17,
J016 .J023 45 21 M 22 5 AN 3, S B R 0 Y
72 J007 , B R 2 W [RAE R J00S , 5 At 22
AR BB E (P <0.01), H¥k J022.,J018 .
J016 .J014 J021 .J023 .JO15 1 JOO4 2 8 ANl 5t G i
R AN E T J012 .J011 J002 . J019 . J0O3 .
JOO1 .J020 .JO09 F1 JOO7 (P <0.01) ; k8 /L1 5
AP J007 .J009 . J020 .J001 ,JOO3
2.4 MREEZER— Z_HESEBHTEER

MR 3 AT, FE2E R O RO
WIS, 435 T 61,40 ~252.10 g.224.00 ~
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Table 3 Functional characters of different jute germplasms
IR Branching number R P ( g) New shoot yield
Rl ACAS PR (em) Q ., o P ) . B
Number Plant height —2 - 5 —HaB —RIH
Primary Secondary Main stem Primary branch Secondary branch

Joo1 130. 40 +13. 63" 5.10 = 1. 10 9.30 +2. 83" 197.70 +5. 65" 404.00 £12.17¢ 416. 40 +10. 86"
Joo2 131.70 = 14. 12b4 4.60 +1.35% 11.10 +3.93%" 231. 60 £20.37% 321.30 +18. 98¢ 428.80 £18.41"%
Joo3 141. 60 +13. 00 4.20 +1.32% 9.40 +2. 07" 196. 50 + 14. 60" 324.80 +21. 71 439.30 +18.28"
Joo4 150. 90 +15. 09* 5.70 +2. 75" 13. 80 +3. 12bede 128. 40 +8. 36 224.00 +12.29" 387.00 +12.29'
J005 142. 50 £7. 23 11.90 +5.51° 19.70 +7.47° 252.10 £27. 61° 573.40 £16. 15° 715. 10 +10. 85°
J006 147.30 +22. 22 6.30 =2. 26" 13.40 +5. 85! 174.50 +15. 22 376.90 +13. 94% 565.60 +17.91¢
Joo7 146.20 +12.30® 3.90 +0.99* 7.10 £2. 38! 195.10 £26.23>  584.10 +17. 25" 611.30 £9.79"
Joos 144.30 £7. 21 5.00 +2. 36" 13. 50 +4. 17bedef 195.70 +22. 28" 398.80 +11.97¢ 508. 00 +8. 544
Jo09 126.70 +12. 10°%! 5.00 + 1. 49" 8.30 1. 251 132.40 +27.48%% 243,70 +6. 028" 249. 40 +6. 12¥
Jo10 115. 20 + 10. 83 5.40 +2. 67°% 11.90 +4. 18°% 108.30 +11.39%"  331.10 £20. 85" 326.00 +12. 53/
Jo11 54.90 +5.97 5.90 + 1. 29bde 11.20 +£3. 521" 121.30 +7. 454 462.10 £12. 15" 428.60 +2.25%
Jo12 119.20 +13. 08%f 6.00 = 1. 76" 11.20 +4. 54" 111.50 +12. 13°%"  420.90 + 14. 37 446.30 £7.20"
Jo13 129. 50 + 10. 48" 5.10 +1. 5200k 13. 10 £4. 09% 167.90 +12.54°%  419.50 +7. 05 472.60 +6.47°
Jo14 119. 60 +15. 66" 4.80 +2. 10" 15.20 +4. 92" 146.30 £8.97<T  409.10 +8. 05 435.00 £7.00%
Jo15 97.50 +21. 14 5.90 1. 66" 14.20 2. 97bede 172.60 £17.36°"  404.60 +13. 69" 398.80 +3. 94"
Jo16 109. 10 +17. 12% 6.50 +1.27" 15. 80 +8. 27" 142. 60 +28. 56" 490.20 +11.30" 418.30 +6.02¢"
Jo17 88. 90 +20. 93" 6.90 +1.85" 13.40 3. 104! 61.40 7. 50" 273.20 +£3. 65" 265.20 +10. 18%
Jo18 114.70 +13. 18" 5.40 +2. 88! 16. 00 +4. 06" 117.60 +11.89%% 28200 +13.00%"  336.20 +16. 10’
Jo19 98.10 +10. 33" 4.80 £1.55%% 10.30 +2. 31" 173.00 £10. 00 494.00 +13. 89" 415. 80 8. 01"
J020 89.40 +8.26" 4.60 +1. 84" 8. 80 2. 62" 113.80 £11. 64 295,80 £5.94% 325.70 £5. 98
Jo21 122.90 +15. 04%" 6.30 + 1. 34 14.80 + 1. 99 159.40 £7. 614 423,80 +5. 41 416. 00 =8. 19"
Jo22 110. 60 +12.22°% 4.90 +1. 974" 16.20 +2.57" 152.70 +28. 86" 461.90 +10.97" 453.10 £16. 87"
Jo23 129. 50 +20. 42b<de 6.30 +1. 83" 14.30 3. 59Pede 79.40 £15.62¢"  271.00 9. 54" 220. 80 +4. 53!
44 Mean  120. 03 £23. 17 5.67 +1.56 12.70 +3.03 153. 56 £46. 46 386. 53 £99. 08 420. 84 £112.21

ANIR/INE FRE ] 22 5% .35 (P <0.01) , T[]

Different small letters indicate very significant difference (P <0.01) ,the same as below

23 NS FP R 3225 K — | IO e R T
SERA B KT (P <0.01), F2EWA P,
J005 F1 J002 By & HETEHT 2 A, — & 8] 22 5% A i
= HYH 1001 . J003 , JOOS . JOO7 . JO06 45 16 A Fil
i, HEFE e e 5 LIRS J017 ,J023 ,J010,J012 . J020,
HiX 5 Mz S AR E, —% 01, J007
H1J005 Y- HEfe i, —H O E M2 S B 5 HAl
20 AP R 22 M S (P <0.01), H¥k 2 J019,
J016 JO11 ,J022 , DU [B) JC I & Pk 22 55, (HAR (2 35 v
T J008 . JOO6 . JO10 ., JOO3 . JOO2 . J020 %5 11 4> Fh &t
(P<0.01), ZZHBUHAHE,J005 7= it e &, Ok
>k J007 ,J006 , JOOS , X 4 A Flt i &2 4 i 35 1 22 7
(P<0.01) , AR 2 1023, 5 Hifh 22 A Fl i 2% 5
Wi (P <0.01), 454 3 Ll ™ & &, J005 %
PR, ok R J007 . J006 . JOO8 . 3 Ht AT 4R 1) e A

FEiE J005 B FETRTA, on Ha ey
2.5 MREXEKF Cr(VI) EBREER

AP0 TR E A 43 3 SRR PRI 43 1 FH
e W B W R Cr( V), P38 R bR R85 515 1 3%
4, DS TSt U BHORS “F- 1 25 B e I 5 e - 2
RAKTE,23 DT Cr( VD) 4975 i i W B
BFEEM BEEF (P <0.01) , P LR R & &
JO11(96.88% ) , & T 90% B4 10 4>, F AL 3 A~Fh
JF S J003 J021 JO13 S FBRRTE 85% Aifq

A RIS KRR Rk, EEK— Wy
RO BEORS X Cr (VD) 19 L BR253 511 88.23% =+
2.38% .88.56 +2.61% ,93.11 +2.68% . Duncan
ZH A R BN, BB Cr (VD) 19 5Bk
RO & T E2E 5 — BB, 35 B K7
(P<0.01), 325 5 —Z0 o0 RIS [A] 22 5 R b 2%
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Table 4 The removal rate of different jute germplasms on Cr( VI)

RS Y 22 B2 (% ) Removal rate of tender shoot

RS A 22 B3 (% ) Removal rate of tender shoot

AR - — Yo YR LU AN ] - — Yo TR
T iy EEE R
Number Prima Seconda Number Prima; Seconda
Main stem Y " Mean Main stem " Y Mean
branch branch ’ branch branch
Joo1 89.23 + 90. 85 + 93.12 + 91. 06 + J013 86. 63 = 85.82 + 91.01 = 87.82 +
0. 86" 0. 43bed 2. 11 ¢def 1. 958bc 1. 72cde 1.017 . 53 defy 2.79be
J002 89. 88 + 92.14 94.82 + 92.28 + Jo14 89. 06 + 88.58 + 92.58 + 90. 07 +
3. 51 be O 9911(: 0 57hm| 2. 48ahr 0 71 be 0 49(](:fghi l. 62.].\[ 2' lsalm
Joo3 83.39 + 84.69 + 87. 66 + 85.25 + Jo15 86.79 + 86. 47 + 94.36 + 89.21 =
2.34¢ 2. 40’ 2.32¢ 2.19¢ 0. 58¢d¢ 1. 41¢hi 1. 95bede 4. 46"
Joo4 86. 96 + 86. 63 + 91.23 + 88.27 + Jo16 90.20 + 89.39 + 96.31 = 91.96 +
1.29¢ 1. 49"ehii 1. 31 % 2. 56" 1.41% 0. 49cdefe 1. 248bc 3. 782be
J00s 87.93 + 89. 06 + 92.31 + 89.77 + Jo17 88.58 + 89.55 + 93. 60 + 90. 58 +
0. 65“] 0 864]4:|gl| 1. 22‘1.-1 2. 273];(\ 1. 44°¢ 2. Ozmlul 1. 39|m1.: 2' 67alw,
Joo6 87.12 + 86. 63 + 90.93 + 88.23 + J018 92.14 + 88.25 + 96.95 + 92.45 +
1.56¢ 1. 56 0. 24°f 2. 35he 0. 56 1. 69 defehi 2,614 4. 36
Joo7 87.77 + 86. 15 + 91.33 + 88.42 = Jo19 87.44 + 89.39 + 94.47 + 90. 43 +
1. 69“] 0 71 hij 0. l6du|‘ 2. 65 be 0 74(-,‘1 O 43(‘4]4'fg 0 75!»«\1(-, 3 633]»(:
Joos 86. 96 + 86. 96 + 92. 06 + 88. 66 =+ J020 89.55 + 89. 88 + 94.52 + 91.32 +
1.29¢d 0. 56¢fehii 1. 05 % 2. 95he 0. 28" 0. 65¢de 9. 31 bede 2. 78ube
J009 87.61 + 87.93 + 92.20 + 89.24 + Jjo21 84.85 + 86.31 = 89.55 + 86. 90 +
0.58¢ 0. 90 deehi 0. 50 2.56" 0.90% 0. 84" 0. 43" 2.41"
Jo10 90. 04 + 92.79 + 96. 95 + 93.26 + J022 88.42 + 89. 88 + 92.69 + 90.33 +
0.99 be 0. 991) 1. 35uh 3. 48ub 1. 72(::1 1. 27cde 1. 70(:(191' 2. 17alm
Jo11 95.06 + 95.87 + 99.71 + 96. 88 + J023 86.47 + 86.47 + 91.44 + 88.13 =
1.33* 1. 60* 0.25% 2.48% 1. 55¢ 0. 718 0. 61% 2.87"
Jo12 87.28 + 87.28 + 91.71 + 88.76 + 44 mean  88.23 = 88. 56 + 93.11 = 89.97 +
0.99¢ 0. 49¢fehii 0. 73%f 2.56" 2.38 2.61 2.68 2.72
2.6 FERAEFMWEREEXEST e, — PR S — G RO 7 i, oA

X T VR R WS B ) R 8 L — G BB — 9o
B, F 2R — B 7 R DA ST Y R R R
ARSI G5 a3 5 PR Mk 5 25 RS =
HREEEMHE(P<0.05), 5 LR R D
FERMAK(P <0.01) ; — R BES 9B
W BEIEASE (P <0.01) ;3 77 & 2 8] 5 2 0% 5
FIEMIE(P <0.01),
261 B OEHEESFENXR EHUCRIIETT
PR 2RO B 5 i IEA & (P <0.05) 1
H— TR R R E S XU TR
S SEHIT , R 2 X RS = R M, 43R TG R
M), 5 AR o3 20 P FR R BT B B R | AN 2 F R

é&ﬁ_,ﬁé}ﬁﬁmﬁﬁiimmﬂaﬁﬁﬁ,wﬁﬁ v
S (A IR 7t 5 IS 58 4 B o0 R B, i 2
Z PP PR ZE AN AR T T B i R i RN IR EE R
Wk )AL RIS Y . B0 JO11 Ak s B AIG, (H R A
B RS i i JE TS 16 ALREE 11 £,
26.2 MRAEAKEEERENXERE AKRIFRGER
R, MRS KRR R B E A (P <0.01) B
R, FEBRAGERAR, A JO11 AR R BRI, 1T 22 PR
RER I R M, X 0T REJE TR AU R, 530
A B A R AN [R] ORI AR O, AR K
TR R R, RO A0 R SR A 5L A W B B W
A
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Table 5 Correlation analysis among various indicators
S b —HEHE I FEMA R OB TR R R PR
No. of primary  No. of secondary Tender shoot yield  Tender shoot yield Tender shoot yield Average
Ttems Plant height
branching branching of main stem of primary branch  of secondary branch  removal rate
R 1. 000
— IR 0. 047 1.000
TR 0.043 0.639 1. 000
T2 IO 0.491" 0. 144 0. 000 1. 000
—POIBIRAET R -0. 031 0.271 0.132 0.532* 1. 000
TSRO 0.401 0.357 0. 186 0.771* 0.771 1. 000
TR LR -0.684 ™ 0. 040 0.013 -0.222 0. 065 -0.173 1. 000

=43 BIFRTE 0. 01 10, 05 /K | S A%

“ and " indicate significant difference at the level of 0. 01 and 0. 05, respectively

3 S

AWFFE T 23 AN ERRFN T, AEAE BT bR A
X PEDORS 7 d DL R R Cr (VD) B 22 B4 % 1 22 30 1
W25 B R XA FME A TRk
Z A8 BT BOR MR B Fh ST, DAARTS K BR A
R 7 e 141 v 1 B JRR R S 2 4 S % A A

HORRIERS XT Cr (VD) A W B T A= i B
W BRI B A R 5 22 70 S s i R o 205 8 11 O e
PRIZE oo (] 35 PR R (19 25 5 AR AR 1 52 i) T SRR 1)
AR AR RSB SR R W B i DL R
RSP AR, SRR T % Cr( VI 351 AW B
SRS Tl — AR RR , AN [ 43 SRR R] 6 7 e R
MR AR R 22 5, A3 R B0 5, 43 R B5OR A
PR A W R RO Cr (VI AR BR R
W, B UCRIE PRk 5 R BRR PR R
SRAGAHSCHE  (H 5 = 2 IE A6, 5 RLBRR 2 M
Koo Gnfar R R WA 7™ £ 5 S R G R AE AT —
HF5E

T VR BRI B 7 4 I & FH R O e v, i
Titie B pr R — o d B AT 55, WREE o 0 A T
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